Synthesis of polar topographic data derived from the Mariner 9 radio occultation, ultraviolet spectrometer, and television imaging experiments provides new information on the behavior of polar volatiles and the topographic configuration of the martian polar layered deposits. Gentle slopes in the vicinity of the south pole may serve to shift the point of minimum annual solar insolation from the pole to a site within the perimeter of the offset residual frost cap. Localized defrosting which gives rise to the dark-banded appearance of both residual caps correlates with a series of outward-facing slopes descending from central topographic highs. Stability of the volatile involved apparently is largely insolation controlled. The south polar residual cap lies entirely higher (at lower pressure) than the northern cap, implying that the south residual cap is an unlikely site for any permanent surface deposit of solid carbon dioxide. Photogrammetric models of both residual caps reveal a series of regularly spaced topographic undulations descending from central topographic highs within the underlying layered deposits. Scarplike to troughlike in cross section, these features slope lø-5 ø and are 100-1000 m in local relief. The south polar layered deposits lie almost entirely at higher elevations than those in the north. Total thickness of the deposits is inferred to be 1-2 km in the south and 4-6 km in the north.
INTRODUCTION
Mariner 9 has provided a wealth of new information for the polar regions of Mars. This paper deals specifically with polar topographic data, especially as they apply to the behavior of polar volatiles and to the topographic configuration of polar layered deposits. The effect of local heights and slopes on volatile stability in the polar regions is examined and discussed. Preliminary conclusions on the nature of polar volatiles based on theoretical considerations and incomplete topographic data [Cutts, 1973b; Murray and Malin, 1973b Table 1 ). Small triangles on the map denote points in the Mariner 9 control net used to establish the system of martian coordinates. Original scale of the USGS photomosaic was I: 5,000,000. pact basin. A local slope of about 0.5 ø inward toward the basin's center is indicated at the pole. Modeling errors apparently associated with local atmospheric inhomogeneities have been recognized, however, and may contribute to the apparent relief of the basin. Radio occultation data near the basin (Figure 1, Table 1 ) suggest a broad depression about 1 km deep but do not sample the basin's center. Although details of the basin's topography remain unresolved at this time, we adopt the UVS result of about 3 km maximum depth in subsequent discussions.
In addition to the large-scale UVS and occultation-derived data, a photogrammetric model of the residual south polar frost cap has been prepared from wide-angle A camera photography (model A of Table 2; Table 3 ). For this and other models to be presented, relative elevations of a network of small features visible in both frames of Mariner 9 stereo pairs have been calculated from basic photogrammetric principles according to a recently developed analytic scheme for stereo analysis of spacecraft images [Blasius, 1973] Figures 2 and 3 combine the south polar A frame information with high-resolution B frame models to be discussed in a later section. An attempt has been made to blend the two sources of information into a generalized topographic map by adjusting the tilts of the B frame models within uncertainty limits to achieve internal consistency. Figure 3 reveals what appears to be a broad, domical form centered near 87øS, 0øW. Since the residual frost is interrupted by numerous defrosted bands, we assume that the frost is relatively thin (< 100 m) and conforms to topography of the underlying layered deposits. Details of high-resolution models outlined in Figure 3 suggest that the deposits exhibit a series of topographic undulations descending from the central high near 87øS, 0øW. Slopes associated with these features are generally outward-facing from the central high. They are not exclusively equatorward-facing, since the topographic high is slightly offset from the rotational pole. 9  700  23  700  37  1200  10  500  24  800  38  1300  11  700  25  1600  39  1500  12  800  26  2200  40  1500  13  1200  27  1900  41  1200  14  700  28  1300  42  1700 Taken together, the occultation, UVS, and A frame photogrammetric data indicate that the south polar layered deposits lie at planetocentric distances ranging from 3378 to 3383 km, with an absolute uncertainty of about 2 km. Similarly, the south polar residual frost cap lies at planetocentric distances ranging from 3381 to 3383 km. Associated surface pressures above the layered deposits and residual frost can be calculated by assuming that the atmosphere behaves hydrostatically and as an ideal gas. Kliore et al. [1973] Table 2 ). The two models differ mainly by a regional tilt of about 1.3 ø, which is within the tilt uncertainty discussed in the text. They agree on the height of features associated with the dark bands to within 100 m. Numbered circles indicate control point locations for which relative elevations have been calculated (see Table 6 ). Vertical exaggeration in the profiles is 10 ß 1' of 5.0-7.6 mbar (from equation (1) I  340  35  285  64  2  360  36  220  67  3  360  37  185  68  4  310  38  200  69   5  250  39  100  71   6  170  40  150  73  8  200  41  125  74  9  160  42  100  75  10  70  43  60  76  11  175  45  115  77  12  75  46  50  78  13  175  47  -120  79  14  150  51  -50  80  16  75  52  -25  81   17  125  53  0  82   19  150  54  -50  83  20  25  55  180  85   23  -25  56  180  86   25  -45  57  155  87   26  50  58  -25  88  28  160  59  -30  89  29  160  62  -60  90  33  200  63  -40  92  34 Finally, a regional slope of less than l ø in the vicinity of the south pole may serve to shift the point of minimum annual solar insolation away from the pole and thus account for the observed offset of the southern residual cap. Combined with the fact that increased insolation collected on relatively low local slopes is apparently responsible for defrosting the dark bands, this argues that stability of the volatile involved is largely insolation controlled. Location of the cap on a regional topographic high (and consequent pressure low) is evidence that pressure stability is not the critical factor in the offset. This is also consistent with the conclusion that the cap is most likely composed of H:O and not CO: ice. 
Topographic Configuration of the Polar Layered Deposits
Consistent with the data already presented, we offer the following semiquantitative topographic description of the polar layered deposits. In both the north and the south a series of regularly spaced outward-facing topographic undulations sloping from 1ø-5 ø and ranging in height from 100 to 1000 m descend from central topographic highs. In the south a single high is centered near 87øS, 0øW, while the north displays a pair of distinct highs centered near 90øN and 83øN, 0øW, respectively. Topographic features within the south polar layered deposits exhibit the full range of morphologies from trough to scarp, while observed features of the northern deposits appear to be more exclusively scarplike. However, the apparent difference could result from limited stereo coverage of the northern deposits. Cutts [1973a] has pointed to the westward curvature of large erosional reentrants within the south polar basin and between the lobes of the north polar residual cap as evidence for the action of Coriolis-affected polar winds. Dark bands in the north polar residual cap exhibit exclusively eastward curvature, while similar features in the southern cap exhibit both eastward and westward curvature (Figures 2 and 14) . It.seems unlikely therefore that topographic features represented by the bands can generally be ascribed to aeolian erosion by Coriolis- The topographic cont:iguration of the polar deposits which emerges from the Mariner 9 data is more complex than would be expected from either the purely constructional model of Murray and Malin [1973a] or from the purely erosional model of Cutts [1973a] . More realistic genesis models for the deposits probably require both constructional and erosional processes to account for their observed topographic complexity. Future acquisition of high-quality polar topographic data would contribute to our better understanding of the behavior of polar volatiles and the genesis of the polar layered deposits and thus should be a prime goal of future spacecraft missions to Mars.
